A rapid, simple method for detecting foodborne pathogenic bacteria in human feces is greatly needed. Here, we examined the efficacy of a method that employs a combination of a commercial PCR master mix, which is insensitive to PCR inhibitors, and a DNA extraction method which used sodium dodecyl benzene sulfonate (SDBS), and Tween 20 to counteract the inhibitory effects of SDBS on the PCR assay. This method could detect the target genes (stx1 and stx2 of enterohemorrhagic Escherichia coli, invA of Salmonella Enteritidis, tdh of Vibrio parahaemolyticus, gyrA of Campylobacter jejuni, ceuE of Campylobacter coli, SEA of Staphylococcus aureus, ces of Bacillus cereus, and cpe of Clostridium perfringens) in a fecal suspension containing 1.0 × 10 1 to 1.0 × 10 3 CFU/ml. Furthermore, the assay was neither inhibited nor influenced by individual differences among the fecal samples of 10 subjects or fecal concentration (40-160 mg/ml in the fecal suspension). When we attempted to detect the genes of pathogenic bacteria in 4 actual clinical cases, we found that this method was more sensitive than standard culture method. These results showed that this assay is a rapid, simple detection method for foodborne pathogenic bacteria in human feces.
INTRODUCTION
To prevent outbreaks of foodborne illness, it is necessary to rapidly detect the causative bacteria. Recent technological advances have substantially improved diagnostic testing for the rapid detection of numerous pathogenic bacteria. However, despite the fact that the traditional culture methods require longer than 1 week to complete, in many microbiology laboratories, they remain the standard for identifying bacterial pathogens that cause foodborne illnesses (1) . In traditional culture methods, bacterial pathogens are first isolated from human feces and then identified via culture using differential media. However, these methods are timeconsuming and labor intensive; therefore, alternative techniques for rapid, simple detection of foodborne pathogenic bacteria are needed.
Real-time PCR can identify bacterial species more rapidly than traditional culture methods; therefore, this method has been used and modified for detecting various pathogens (2, 3) . However, real-time PCR is not commonly used for the direct detection of foodborne pathogenic bacteria in feces because fecal components can inhibit real-time PCR (4) . To obtain useable PCR templates from crude human feces, column purification methods that require numerous time-consuming technical steps are often used to remove inhibitors (5) . We wanted to develop a very rapid, simple method within 5 steps for the extraction and purification of bacterial DNA from human feces, because actual outbreaks of foodborne illnesses require rapid pathogen detection.
Two protocols for extracting DNA from human feces without a column purification step have been recently reported. Rinttil äa et al. (6) used a bead-beating cell disruption technique to extract genomic DNA, that is highly efficient but requires expensive laboratory equipment. In contrast, Hu et al. (7) developed a method in which stool samples suspended in distilled water are boiled to extract the genomic DNA. Although this protocol is very simple and useful, it requires a relatively large sample (0.5 g or 500 ml of feces).
A commercial real-time PCR master mix, the Direct Ace qPCR Mix plus ROX Tube (DAPM; Nippon Gene, Tokyo, Japan), is insensitive to PCR inhibitors and does not require column-purified template. Sekikawa and Kawasaki reported a method for extracting DNA from the hard outer shell of Cryptosporidium using sodium dodecyl benzene sulfonate (SDBS) (8) . Although SDBS inhibits PCR, they mitigated this effect by adding the anionic surfactant Tween 20. We thought that this extraction method using SDBS and Tween 20, might extract the genomic DNA from fecal specimens containing pathogenic bacteria more efficiently than just boiling, even though it is simple as just boiling.
We hypnotized that the combination of DNA extraction using SDBS and real-time PCR using the DAPM may detect the foodborne pathogenic bacteria in feces rapidly, simply, and sensitively. Therefore, the purpose of this study was to examine the efficacy of the combination of these 2 methods for detection of foodborne pathogenic bacteria.
MATERIALS AND METHODS
Target bacterial species: The Japanese Infectious Agents Surveillance Report (9) states that 91z of foodborne outbreaks between 1998 and 2007 were caused by 8 foodborne pathogens: enterohemorrhagic Escherichia coli (EHEC, 1z), Salmonella spp. (27z), thermostable direct hemolysin (tdh)-positive Vibrio parahaemolyticus (21z), Campylobacter jejuni and Campylobacter coli (34z), Staphylococcus aureus (5z), emetic Bacillus cereus (1z), and Clostridium perfringens (2z). Therefore, these 8 species were targeted in the present study.
Preparation of target bacteria: We used the following bacterial strains: Shiga toxin1 (stx1) and Shiga toxin2 (stx2)-positive EHEC O157, Salmonella Enteritidis, tdh-positive V. parahaemolyticus, C. jejuni, C. coli, staphylococcal enterotoxin A (SEA)-positive S. aureus, emetic B. cereus, and C. perfringens enterotoxin (cpe)positive C. perfringens. These bacteria were isolated and stored during the past foodborne illnesses that occurred in Tottori Prefecture (Japan). Each strain was suspended in 1 ml of distilled water. To enumerate the bacteria, 100 ml aliquots of a 10-fold dilution series (10 -1 -10 -9 ) were cultured on 2 plates containing the appropriate isolation medium as described below. We calculated the average number of colonies on the 2 plates and prepared serial dilutions (4.0 × 10 -1 -4.0 × 10 3 CFU/ml).
Limit of detection (LOD): We determined the LOD of the real-time PCR assay using DAPM and a modified extraction method using SDBS (Sigma-Aldrich, St. Louis, MO, USA) (8) . In addition, we determined the LOD of the real-time PCR assay using the DAPM and the QIAamp DNA Stool Mini Kit (Qiagen, Hilden, Germany), which is commonly used to extract and purify DNA with a column from stool samples (10) (11) (12) . Then, the 2 LODs were compared.
Fecal samples were collected from a healthy subject. We confirmed that these samples were negative for the target bacteria by using the culture method described below and then used as negative controls. Swabs were used to obtain and suspend the fecal samples in 1 ml of distilled water. Because the concentration of fecal suspension used for the purification of template DNA was approximately 40 mg/ml in clinical cases, as described in``analysis of clinical cases'', the fecal concentration was adjusted to 40 mg/ml for the template DNA.
To evaluate the combination of real-time PCR using the DAPM and the modified extraction method with SDBS, template DNA was prepared as follows: A 200 ml of suspension was prepared, which was comprised of 1z SDBS, 40 mg/ml fecal suspension, and serial dilutions (1.0 × 10 -1 -1.0 × 10 3 CFU/ml) of the target bacteria. Then, they were gently mixed for 10 s, boiled for 10 min, and centrifuged at 12,000 × g for 3 min at room temperature. The supernatants were used as the template DNA.
The specific primers and probes (Thermo-Fisher Scientific, Yokohama, Japan) used to detect the 9 target genes are listed in Table 1 . All probes were labeled with the reporter 6-carboxyfluorescein (6-FAM) and the fluorescence quencher 6-carboxytetramethylrhodamine (6-TAMRA). The total reaction volume was 25 ml, comprising 12.5 ml of DAPM, 500 nM of each primer, 200 nM of each probe (Table 1) , 0.05 ml of a passive reference (50× ROX), 5z Tween 20 (Wako Pure Chemical, Osaka, Japan), and 2.5 ml of template DNA. The final concentration of SDBS in the reaction mix was 0.1z. Tween 20 was included to suppress the inhibitory effect of of the SDBS on PCR assay. Real-time PCR amplification of the template DNA was performed using an Applied Biosystems 7500 Real-Time PCR System (Foster City, CA, USA). The cycling conditions were 959 C for 10 min followed by 45 cycles of 959 C for 15 s and 609 C for 1 min.
The real-time PCR results were analyzed using 7500 Software v2.0.6 (Thermo-Fisher Scientific). Quantification cycle (Cq) thresholds were manually set to 0.2 for the detection of stx1, stx2, invA, tdh, gyrA, and SEA; to 0.15 for ceuE; to 0.03 for ces; and to 0.1 for cpe. A baseline value was automatically set for all target genes. Each sample was analyzed in 3 independent runs. When the target gene was detected in all 3 independent runs, the lowest bacterial concentration was considered the LOD.
To evaluate the combination of the DAMP and the QIAamp DNA Stool Mini Kit, template DNA was prepared using the QIAamp DNA Stool Mini Kit as follows: 200 ml of each suspension was prepared. The suspensions were comprised of 40 mg/ml fecal suspension and the serial dilutions (1.0 × 10 -1 -1.0 × 10 3 CFU/ml) of the target bacteria. Then, they were gently mixed for 10 s. Template DNA was extracted from the suspensions according to the manufacturer's instructions. Then, the real-time PCR assay was performed as described above.
Influence of individual differences in fecal samples on the PCR assay: During foodborne illness outbreaks, it is often necessary to examine a large number of fecal samples. Fecal components can inhibit real-time PCR reactions (4). If individual differences in the properties of fecal samples affect the results, the value of the realtime PCR assay is limited. For this reason, we examined the effects of individual differences among fecal samples on the detection of C. jejuni, which is the pathogen most frequently isolated from patients with foodborne illnesses (9, 13) . We collected fecal samples from 10 healthy subjects who were confirmed negative for the target bacteria by the culture method described below. To test for PCR inhibitors, we prepared solutions as follows: 200 ml of mixture comprised of 1z SDBS and a 40 mg/ml fecal suspension. Then, the solution was gently mixed for 10 s, boiled for 10 min, and centrifuged at 12,000 × g for 3 min at room temperature. The supernatant was used to test for potential inhibitors of the real-time PCR assay. Total DNA from C. jejuni was prepared by boiling C. jejuni suspended in distilled water for 10 min and then centrifuging the suspension at 12,000 × g for 3 min at room temperature. The C. jejuni used in experiment was prepared after culturing at 429 C for 48 h on Campy blood-free selective medium (Kanto Chemical, Tokyo, Japan) under microaerobic conditions. The extracted DNA was used as the template for the PCR assays. The concentration of extracted DNA was determined by measuring its absorbance at 260 nm using a NanoDrop 2000c Spectrophotometer (Thermo Fisher Scientific). The concentration of the extracted DNA was 3.42 ng/ml. The volume of the PCR was 25 ml, comprising 12.5 ml of DAPM, 500 nM primer, and 200 nM probe for C. jejuni (Table 1) , 0.05 ml of the passive reference (50× ROX), 5z Tween 20, 2.5 ml of real-time PCR inhibitor test solution (prepared as described above), and 2.5 ml of C. jejuni templete DNA. The final concentration of SDBS in the reaction mix was 0.1z. Tween 20 was used as described above. Each sample was amplified using an Applied Biosystems 7500 Real-Time PCR System. The cycling conditions were as follows: incubation at 959 C for 10 min followed by 45 cycles of 959 C for 15 s and 609 C for 1 min. A Cq threshold was manually set to 0.2. A sample from each subject was independently analyzed in 5 runs.
Influence of fecal concentration on the PCR assay: In practice, fecal sample weights are usually measured using non-quantitative methods. If there is a slight variation in weight, and the PCR is inhibited, then, the real-time PCR assay is of limited value. Therefore, we examined the influence of fecal concentration on the real-time PCR assay.
We used fecal samples collected from a healthy subject that were negative for C. jejuni by the culture method described below. Three concentrations of fecal suspensions were prepared as follows: 200 ml of a suspensions was prepared, that was comprised of 1z SDBS and a 40, 80, or 160 mg/ml fecal suspension. Then, the suspensions were gently mixed for 10 s, boiled for 10 min, and centrifuged at 12,000 × g for 3 min at room temperature. The supernatants extracted from the centrifuged fecal samples were tested as potential inhibitors of the real-time PCR assay.
Total DNA from C. jejuni which was prepared to assess the effects of individual difference in fecal samples, was used. These potential PCR inhibitors and total DNA preparations were mixed and amplified as described in the``Influence of individual differences in fecal samples on the PCR assay'' section. Each group was independently assessed in 5 runs.
Analysis of clinical cases: The results of the real-time PCR assay were compared with the culture method for 2 cases (19 samples) of foodborne illness. The fecal samples were collected by light wiping of the feces with swabs and suspended in 1 ml of peptone water (Nihon Pharmaceutical, Tokyo, Japan). A 150-ml aliquot of the fecal suspension (about 40 mg/ml in the template DNA) and 50 ml of 4z SDBS (1z in the template DNA) were gently mixed for 10 s, boiled for 10 min, and centrifuged at 12,000 × g for 3 min at room temperature. The supernatants were used as the template DNA. Each sample was amplified using an Applied Biosystems 7500 Real-Time PCR system under the conditions described in the``LOD'' section. In actual cases of foodborne illness, results are needed very quickly, 3  3  3  3  3  3  3  0  3  1  3  3  3  1  3  0  3  3  1.0 × 10 2  2  1  2  1  3  2  3  0  3  0  3  0  3  0  3  0  3 and there is no time for repeat examinations. Therefore, we examined each sample in a single run. The target bacteria were isolated as follows: using a sterile 10-ml disposable loop, the fecal suspension was streaked onto 8 types of selective agar, with or without incubation in appropriate enrichment broth. The agars used were as follows: CT (cefixime-tellurite selective supplement added)-sorbitol MacConkey agar (Kanto Chemical), CT-rhamnose MacConkey agar (Becton Dickinson, Franklin Lakes, NJ, USA), Campy bloodfree selective broth (Kanto Chemical), Clostridium welchii agar supplemented with kanamycin (Nissui Pharmaceutical, Tokyo, Japan), thiosulfate-citrate-bile salts-sucrose agar (Nissui), salt egg yolk agar (Nissui), NGKG agar (Nissui), and SS agar (Kyokuto Pharmaceutical, Tokyo, Japan). After culture in the appropriate enrichment medium, they were plated on these 8 types of agar using 10-ml sterile disposable loops, and isolated colonies were identified using selective agar and real-time PCR. For the real-time PCR assay, colonies that grew on the agar were suspended in distilled water and boiled. DNA was extracted and amplified using the primers and probes listed in Table 1 . The colonies were cultured according to the protocols published by the Japan Food Hygiene Association (19) .
In addition to the cases of foodborne illness, we also analyzed 2 cases of EHEC infection. When a patient with diarrhea is diagnosed with EHEC infection in hospital(s), the family members are examined for the infection of EHEC, and sometimes the patient is also examined for negative conversion in our laboratory in Tottori Prefecture. Two patients with diarrhea occurred, one patient was diagnosed as stx1-positive EHEC O26 infection, and the other was diagnosed as stx1-positive EHEC O157 infection in hospitals. Therefore, 11 fecal samples were collected from 1 patient and the family members of the 2 patients. For these 2 cases the results of the real-time PCR assay was compared with those of the culture method as described above. However, the target bacteria were limited to EHEC O26 or EHEC O157, and target genes were limited to stx1 or stx2.
In actual cases of foodborne illness, the colonies on the cultural medium are typically not counted, nor is the quantity of the target gene determined in real-time PCR. Instead, each situation of the bacteria isolated by the culture method and the target genes detected by real-time PCR are qualitatively assessed. Therefore, in 4 cases, we did not determine the correlation between the bacterial counts in the culture method and the Cq values of the real-time PCR as usual.
Statistical analysis: One-way ANOVA was used to analyze the data in Microsoft Excel 2010 (Microsoft, Redmond, WA, USA). Statistical significance was defined as P ＜ 0.05.
Ethical considerations: The study protocol was approved by the Tottori Prefectural Institute of Public Health and Environment (Tottori, Japan).
RESULTS AND DISCUSSION
LOD: Using a combination of the DAPM and a modified DNA extraction method with SDBS, the LODs of the real-time PCR assay were 1.0 × 10 3 CFU/ml in the template DNA for stx1 and stx2; 1.0 × 10 2 CFU/ml for invA, tdh, ceuE, SEA, and ces; and 1.0 × 10 1 CFU/ml for gyrA and cpe. In contrast, when the QIAamp DNA Stool Mini Kit was used, the LOD of the real-time PCR assay was 1.0 × 10 3 CFU/ml in the template DNA for stx1, stx2, invA, ceuE, and cpe, and ＞1.0 × 10 3 CFU/ml for the other genes (Table 2) . Thus, real-time PCR method using the DAPM and modified DNA extraction using SDBS was able to detect target gene more sensitively than the real-time PCR method using DAPM and the QIAamp DNA Stool Mini Kit.
Iijima et al. (11) reported that the LOD of a real-time PCR assay for detecting Salmonella enterica (invA) as 10 4 CFU/g feces (10 4 CFU/ml in the template DNA solution). In their method, the QIAamp DNA Stool Mini Kit (with a column) was used. The method developed here was more sensitive, likely due to efficient DNA extraction using SDBS and reduced DNA loss due to elimination of the column purification step.
The published concentrations of foodborne pathogenic bacteria in feces are ＞10 6 CFU/g (＞10 4 CFU/ 40 mg harvested by lightly wiping feces with swabs) in the acute phase of foodborne illness (20) . However, fecal samples are not always collected in the acute phase. In such cases, the number of foodborne pathogenic bacteria in the sample may be low. Even if fecal samples are not collected in the acute phase, foodborne pathogenic bacteria in the sample can be detected using our combined method.
In the modified DNA extraction procedure, we incubated the samples with SDBS at 1009 C for 10 min, whereas Sekikawa and Kawasaki (8) incubated samples at 909 C for 15 min. Because DNA is stable at 1009 C for 23.63 (0.08) 8
23.63 (0.07) 9
23.63 (0.04) 10
23.65 (0.03) 1) : The sample of each person was examined by 5 independent runs. 2) : P-value was determined using a one-way ANOVA in Excel 2010 software. Real-Time PCR for Detection of Pathogens in Feces 10 min, in our laboratory, bacterial suspensions in distilled water are usually incubated at 1009 C for 10 min for DNA extraction. It is unknown whether the surfactant affects the DNA template stability. Therefore, we incubated samples at 1009 C for 10 min, as we typically do. Because the target genes were detected even at low concentrations of bacteria, we presume that our boiling step does not break the DNA.
Influence of individual fecal samples: The Cq values of the fecal samples harvested from 10 individuals are shown in Table 3 . The P value for the detection of C. jejuni gyrA was 0.23. There was no significant difference (P ＞ 0.05) among the 10 samples, suggesting that individual differences among fecal samples had little effect on the detection of target genes.
Influence of fecal sample concentration: The Cq values calculated at 3 different fecal concentrations are shown in Table 4 . The P value of for C. jejuni gyrA was 0.12. There was no significant difference (P ＞ 0.05) among the different concentrations (40, 80, and 160 mg/ml fecal suspension), suggesting that the fecal sample concentration had little effect on the sensitivity of target gene detection.
Analysis of clinical cases: Of the 19 clinical samples from cases of foodborne illness, 7 were positive for gyrA of C. jejuni, and 9 were positive for C. perfringens cpe by using our real-time PCR assay (Table 5 ). In contrast, using culture methods, 6 samples were positive for C. jejuni, and 8 were positive for C. perfringens. Of the 11 clinical samples from the cases of EHEC infection, 8 were positive for stx1 by using the real-time PCR assay. Detection of the stx1 gene was presumed to be evidence of EHEC O26 (Case 3) or O157 (Case 4) infection, because these samples were from family members and the patients who were diagnosed with stx1-positive EHEC O26 infection (Case 3) or O157 infection (Case 4) in the hospitals as described above. In contrast, using the culture methods, 5 were positive for EHEC. Excluding the samples from patients who were administered oral antibiotics, the samples that were positive by the real-time PCR assay and negative by culture methods showed high Cq values (Case 2, Sample 9; Case 3, Sample 7; Case 4, Sample 1). Therefore, we concluded that these samples contained only a few target bacteria.
These findings suggested that our real-time PCR method was more sensitive than the culture methods. Hu et al. (7) reported a real-time PCR method that detects pathogenic bacteria in stool samples (0.5 g or 500 ml), whereas our method detected it by lightly wiping the stool sample with a swab (which typically picks up 30-60 mg of feces). Detection of bacteria using such a small amount of fecal sample is a great advantage. Fur-thermore, 6 samples assayed using our real-time PCR method were obtained after the patients were administered oral antibiotics, and all were positive. Among these positive cases, one sample each of C. jejuni and EHEC were negative using culture methods, highlighting another important advantage of our protocol. It is sometimes difficult to collect clinical samples before the oral administration of antibiotics, because the first priority in medical care is to treat the patient. Therefore, this protocol has the potential for wide application.
Our real-time PCR assay could detect all 9 target genes within 2 h under the same cycling conditions, which includes 0.5 h for DNA extraction from the fecal specimens and 1.5 h for the real-time PCR assay. The real-time PCR assay is much more rapid and simple than the culture methods. In addition, its sensitivity is not inferior to that of the culture methods. The method is stable, without being influenced by individual differences among fecal property or the concentration of the fecal suspensions. The manipulation of the method is very simple, containing just 5 steps: suspension, addition of SDBS, boiling, centrifugation, and transferring supernatant, without additional purification steps. To the best of our knowledge, our real-time PCR method is the simplest method reported to date for the direct detection of genes from pathogenic bacteria present in fecal samples.
In conclusion, a combination of real-time PCR using a commercial master mix (DAPM) and a modified DNA extraction method that uses SDBS and Tween 20 is suitable for detecting foodborne pathogenic bacteria in human feces. The new real-time PCR assay method described here is a rapid, simple method for the direct detection of foodborne pathogenic bacteria in human feces.
